Introduction
Drought causes damage to agricultural production and affects the balance of food supply and demand. As Obasi (1994) mentioned, droughts had affected 50% of 2.8 billion people who suffered from weather-related disasters. Moreover, 1.3 million people have died due to the direct and indirect cause of drought during 1967-91. East and South East Asia has the largest population in the world, and it is also one of the largest agriculture-producing regions in the world. If drought occurs in this area, it will affect the balance of food supply and demand all over world. On the other hand, according to Gol'dsberg (1972) using information of vulnerability of major agricultural areas to drought based on the difference between annual precipitation and annual potential evaporation, the negative difference (210 to 2500 mm annually) areas are listed as the frequent intensive drought area. East Asia, especially China, is also one of the largest regions where the drought occurs easily in the world. It is very important to mitigate the damage caused by the drought. Since timely information of drought about its extent and intensity can help to reduce the food supply shortage by the transport of necessary food, it is required to develop early detection system of drought effects on agriculture.
In recent years, the Advanced Very High Resolution Radiometer (AVHRR)-based Normalized Difference Vegetation Index (NDVI) has been used for drought monitoring (Kogan 1997) . However, the different characteristics of vegetation in different areas, make it difficult to detect the effects of drought on agriculture. Therefore, the objective of this research is to develop an early detection system of drought effects on agriculture in East and South East Asia using the NDVI from National Oceanic and Atmospheric Administration (NOAA)/AVHRR data. With this system, the drought effects on agriculture in China in 2000 are detected and monitored successfully.
Satellite data
We have used the NOAA/AVHRR data from the Satellite Image Database System in Agriculture, Forestry and Fisheries (SIDaB) (Kodama and Song 2000) . In this system the user can search and download the satellite images freely using world wide web (WWW) and file transfer protocol (FTP) (http://www.affrc.go.jp/ agropedia/). The NOAA/AVHRR data of this system are received at three stations in Japan, Shiogama, Yokohama and Ishigaki, and one station in Thailand, Bangkok belonging to the Asian Institute of Technology (AIT). These data are transmitted using the high-speed network system, and processed at the Computer Center for Agriculture, Forestry and Fisheries Research, Japan. The geometric correction and mosaic are done in short time using TeraScan software and EWS. The daily, weekly, 10-day and monthly NDVI, MCSST and other datasets are supplied automatically.
Methodology
We use the changes of up-to-date and normal NDVI from NOAA/AVHRR data for detecting and monitoring drought effects on agriculture.
Ideally, for detecting and monitoring drought, cloud-free satellite data are required. Therefore, to minimize the cloud effect, the largest NDVI value of every pixel is used for the daily, weekly and 10-day images. However, even using this method, we found that there are too many cloudy cover areas in the daily and weekly images, which makes it difficult to detect drought effects on agriculture using these data. On the other hand, monthly data are averaged over a period that is too long to describe the development of vegetation because morphological changes and leaf appearances occur in a shorter period. Therefore, in this work, the detection and monitoring of drought effects on each 10-day interval are discussed. The algorithm of this research is that (figure 1): the standard NDVI images are created first. Then, the up-to-date NDVI is calculated just after the 10 days and cloud pixels are masked for elimination. And then, the difference NDVI images between the standard and up-to-date NDVI images are calculated. Lastly, using the difference NDVI image, it is possible to detect the area and intensity of drought damage on agriculture. The bigger negative difference pixels are listed as drought areas, and the values of difference NDVI show the intensities of the drought damages.
Creating the standard NDVI image
Firstly, we select a suitable period NOAA data for creating the standard NDVI images. On thinking of climatic periodicity, it seems that the longer time series data are suitable for creating the standard NDVI image. The NOAA/AVHRR data in SIDaB are useful from 1994. However, it is known that clouds and other atmosphere constituents obscure the land surface, reducing NDVI considerably (Goward et al. 1991 , Gutman 1991 , Townshend 1994 ). Moreover, due to a volcanic eruption, the NDVI was depressed for a long time. On the other hand, on thinking of agriculture, since there are changes in the vegetation from one year to the next, the too old data are of little use for the explanation of vegetation changes. Therefore, considering both these factors, because the atmospheric state has been almost stable since 1997, the NOAA/AVHRR data in 1997-99 were selected for creating the standard NDVI images.
In order to minimize the cloud effects, the 10-day NDVI images are created using the maximum value of every pixel. Then, the 10-day NDVI images are masked because there are also cloudy pixels even in this method. The cloudy pixels (NDVIv0) are substituted as the special value areas so that these pixels are eliminated when the averages of NDVI data are calculated. The average values of NDVI data in 1997-99 are those of standard NDVI images. Finally, the standard NDVI images are created. One example of the standard NDVI images is shown in 
Creating the up-to-date NDVI image
The up-to-date NDVI is calculated just after the 10 days and cloud pixels are masked for elimination. As described above, there are also cloudy pixels in the upto-date 10-day NDVI image, even using the maximum value of each pixel for the daily and 10-day images. For these areas, it is impossible to monitor the change of vegetation. Therefore, these pixels (NDVIv0) are substituted as the special value area. In the NDVI image, these areas are shown in black (figure 3). When the NDVI image is used, these areas will be eliminated. We do not discuss the changes of vegetation at-these-areas. Comparing figure 2 with figure 3 
Creating the drought risk map
The difference NDVI images between the standard and up-to-date 10-day NDVI images are calculated, and the drought risk maps are created using this difference NDVI. The bigger difference NDVI pixels are listed as the drought risk areas, and the values of this difference NDVI show the intensities of drought effects. The bigger negative difference pixels (difference NDVIv20.1) are listed as the drought risk areas (yellow and red areas are shown in figure 4 and cover) , and the values of the difference NDVI show the intensities of drought damages.
Detecting and monitoring drought in China
China is essentially an agricultural country with about 80% of its total population engaged in agriculture. It is the biggest developing country, with onefifth of the world's population. Therefore, it is important to detect and monitor the changes of the agriculture in China. In 2000, there were heavy droughts in China. In this research, using the early detection system described above, the drought area and intensity have been successfully detected and monitored. Using the early detection system described above, the drought risk maps for each 10-day interval in 2000 were created and the NDVI difference and intensity in the last 10 days of May is shown in figure 4 . From this figure we can see that there were drought areas in East China, especially, it seems, the heavy drought occurred at areas of 30-40 ‡ N, 105-115 ‡ E and 41-45 ‡ N, 117-120 ‡ E. The drought caused much damage to agriculture in 2000.
Conclusions
In this research, using the changes of up-to-date and normal NDVI from NOAA/AVHRR data, an early detection system for drought is developed. The standard NDVI images are created using NOAA/AVHRR data in 1997-99. The drought risk maps are created. The drought risk maps in China in 2000 are discussed as the example. Compiling the analyses of characteristics of NDVI graph and meteorological precipitation data, the drought effects on agriculture in 2000 are detected and monitored successful. It is shown that this system is possible and useful to detect the drought area and intensity on agriculture.
